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Abstract. Micromegas detectors, thanks to their good spatial and tem- 
poral discrimination capabilities, are good candidates for rare event 
search experiments. Recent X-ray background levels achieved by these 
detectors in the CAST experiment have motivated further studies in 
the nature of the background levels measured. In particular, different 
shielding configurations have been tested at the Canfranc Underground 
Laboratory, using a microbulk type detector which was previously run- 
ning at the CAST experiment. The first results underground show that 
this technology, which is made of low radiative materials, is able to 
reach background levels down to 2 x 10~^keV~^s~^cm~^ with a proper 
shielding. Moreover, the experimental background measurements are 
complemented with Geant4 simulations which allow to understand the 
origin of the background, and to optimize future shielding set-ups. 

1 The CAST experiment. 

Axions could be produced in the Sun via the so-called Primakoff effect. The 
CERN Axion Solar Telescope (CAST) experiment (Zioutas et al. il999) uses a 
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Large Hadron Collider (LHC) prototype dipole magnet (Bona et al I1994p pro- 
viding a magnetic field of about 9 T which could reconvert these axions into pho- 
tons when the magnetic field is transversal to the direction of axions propaga- 
tion (Sikivie ri983|) . The magnet aligns with the Sun twice per day (during sunset 
and sunrise) for about 1.5 hours each side. The magnet is composed of two inde- 
pendent magnetic bores whose ends are covered by X-ray detectors (see Fig. [T]). 
Three of the four apertures are actually covered by microbulk micromegas detec- 
tors. 




Fig. 1. CAST helioscope where three micromegas detectors are taking data. 

The CAST research program is divided in two main phases; Phase I with 
vacuum inside the magnetic bore covering masses up to < 0.02 eV (Zioutas 
et al I2007|) , and Phase II with a buffer gas inside to increase the sensitivity to 
higher axion masses (m^ < 1 eV) , being the magnetic bore gas density related to 
the enhanced axion mass (Arik et a/. 120091 Aune et fl/. l201ip . In order to achieve a 
competitive sensitivity on the axion-photon coupling, long data taking periods are 
required, specially during the second phase in which the axion parameter space 
{rria — Qa-f) must be carefully swept in mass. Once the magnet properties are fixed, 
the achievable sensitivity on the axion-photon coupling is strongly dependent on 
the low intrinsic background of the detectors and the effect of external background 
radiation. 

2 CAST micromegas detectors 

The first micromegas detectors produced for CAST experiment were built by using 
a well established conventional fabrication process (Giomataris 1996]). In these 
detectors, the micromesh, 3 jiia thick, is made of nickel using the electroforming 
technique. A grid of pillars made of insulating material were mounted on the strips 
surface composing a precise structure of about 100 jiia thick where the micromesh 
is placed. 

At the micromegas conventional technology the micromesh is placed over the 
strips readout by mechanical means, stretching it by using some screws that ex- 
ert some pressure at the mesh boundaries. The new micromegas technologies, 
bulk (Giomataris I2006|) and microbulk (Papaevangelou .20 10^ Iguaz I2QTT]) , differ 
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from the conventional technology in the fact that mesh and strips form a single 
entity, conferring robustness to the overall structure. Some microscope pictures 
for bulk and microbulk detectors are shown in figure [2] 





Fig. 2. Left: bulk detector microscope picture focusing at the mesh level. Center: bulk 
detector microscope picture focusing at the strips level. Right: mesh holes in a microbulk 
detector. 



The micromegas detectors built for CAST allow to obtain a temporal signal 
coming from the mesh, and spatial information from the charge induced and inte- 
grated at the XY- strips readout. This allows to use pattern recognition techniques 
to distinguish between different kind of events having place in the detector. 

Low background detectors are achieved by optimizing three main contributions. 
First is required low intrinsic detector radioactivity^ which is a fact in micromegas 
detectors due to the low amount of materials required and specially for the mi- 
crobulk technology where mesh and readout strips are contained in a structure 
of 80/im thick made of radiopure materials, as copper and kaptorQ Radiopurity 
measurements have shown excellent results for the microbulk type (Cebrian[2011|. 
Second, a reduction of external background by using a shielding typically made of 
copper, lead, Plexiglas and/or other clean materials. And third, good discrimina- 
tion capabilities to reduce the amount of additional background noise coming from 
cosmic rays and anything else that is not an X-ray. This last point is achieved by 
exploiting the temporal and spatial information of the event (Galan [2Qlip . 



3 Studies motivation, detector set-up and first background measure- 
ments. 

During the last years, the evolution of micromegas detection systems inside the 
CAST experiment, in terms of detectors performance and shielding upgrades, has 
pushed the background levels towards new lower limits. Before 2007, the first 
conventional micromegas detector in CAST was operating without a protecting 
shielding, the nominal background level reached by this set-up was around 4.5 x 
10~^ keV~^cm~^s~^. The improved performance achieved by the new detector 
technologies together with the implementation of a shielding allowed to set the 
background level below 1 x 10"^ keV"^cm"^s"^ fGalan l2QTQ|) . 



^ The rest of the mechanical structure of the detector is made of Plexiglas (also radiopure) 
with the exception of the drift cathode which is made of stainless steel 
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The good results obtained in the CAST experiment with micromegas detectors 
have pushed the efforts towards more detailed studies on the nature of the back- 
ground. These studies are motivated by the possibility to reach lower limits and 
increase the expectation of future axion searches with a New Generation Axion 
Helioscope (NGAH) firastorza I2QTT)) . 

A new set-up was built at the University of Zaragoza reproducing the one 
installed at CAST sunrise side by using an equivalent shielding configuration. A 
copper box was prepared to place the detector and electronic cards inside. This 
box was conceived with the double function of electronic noise reduction as a 
Faraday cage, and insulation from the environment, preserving the leak tightness 
of the box as good as possible by using the proper feedthroughs for electronics, 
gas and high voltage cables. Additionally an input entry exists at the box to 
flush nitrogen at the internal part of the shielding, where the chamber is placed, 
producing a slight overpressure and keeping a clean atmosphere around. The 
detector was fixed inside the cage, and the chamber was placed inside a 5 mm 
thick copper frame surrounded by 2.5 cm of lead (see Fig. |3|. The required 5 mm 
copper and 2.5 cm lead at the top and at the bottom of the detector to complete 
the CAST-like shielding are placed outside, once the cage is closed. An automatic 
calibration system, specially designed for this set-up, allows to check the detector 
gain and performance periodically. 




Fig. 3. On the left, a stand-alone microbulk detector where the Plexiglas chamber with 
its stainless steel drift window, supporting structure with electronic cards and gas con- 
nections can be observed. On the right, the Faraday cage containing the detector as 
described in the text. 

The first background measurements were carried out at the surface (using the 
spare M13 detector from CAST) in the laboratory at the University of Zaragoza, 
showing levels comparable to those obtained in the detectors operating in CAST. 
Several environmental parameters and electronics configurations were explored in 
search of correlation with background levels. Only the configurations affecting the 
performance of the detector (such as a reduced mesh electron transmission and/or 
a worse energy resolution) showed a negative effect in the background level. 
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4 CAST-like set-up measurements underground 



Once the set-up and the background levels at surface were characterized, the sys- 
tem was moved to one of the halls at the Canfranc Underground Laboratory (LSC). 
The LSC is situated under 2500 m.w.e. (meter water equivalent) in the Spanish 
Pyrenees, where we know muons are reduced by a factor 10~^ (Luzon 2006). 



The effect of bringing the detector underground was observed at the trigger 
rate, before the offline X-ray selection is performed. The trigger rate was reduced 
to 0.2 Hz, by more than a factor 5 respect to surface. The direct comparison be- 
tween the background measured at surface and at the LSC, at the same conditions, 
showed no significative difference (see Fig.[4|. Thus, proving the good discrimina- 
tion capabilities of the detector which is clearly rejecting the majority of cosmic 
rays interacting at the surface set-up. 
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Fig. 4. Left: final background spectra taken in identical conditions in the Zaragoza's 
test-bench (surface) and in the LSC (2500 m.w.e. deep) with the M13 detector. Right: 
final background spectra taken with the MIO detector in the CAST experiment (sunrise 
side, Autumn 2008) and in the LSC (Winter 2011) in similar shielding configurations. 



Afterwards, the M13 detector was replaced by the MIO detector which took 
data at the CAST experiment in 2008. The better performance of MIO in com- 
parison with M13 could be appreciated by the lower background level achieved, 
emphasizing the importance of the detector performance on the discrimination 
capabilities. The background measured in the LSC could be compared directly 
with the data taken at the CAST experiment in running conditions (see Fig. |4|. 
The differences found between both spectra are coming from the differences in the 
shielding configurations; while the underground set-up is a complete 47r-shielding, 
the shielding in CAST limited by the pipe connection to the magnet, which pro- 
duces a weakness in the protection against external radiation. In particular, the 
peaks observed at the CAST background data can be attributed to the fluores- 
cence peaks produced by external gammas in the materials surrounding the de- 
tector, mainly stainless steel (Cr, Fe, Ni at 5.4, 6.4 and 7 keV) and copper. These 
peaks are significantly reduced at the LSC by a more efficient gamma suppression 
at the inner region. 
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5 Shielding upgrade underground. 

After the characterization of the CAST-like shielding, the shielding was increased 
by adding an additional wall of lead of 20 cm in all directions. By growing the 
shielding underground we are avoiding the negative effect that this kind of shielding 
could have at surface, due to the effect of secondaries which could be produced by 
interactions in the shielding itself. The upgrade was carried out in two steps, first 
covering bottom and lateral walls, and afterwards completing the shielding with 
the top wall (see Fig. [s]). 




Fig. 5. Three different configurations for the external lead shielding, from left to right: 
CAST-like 2.5 cm lead; 20 cm extra lead layer without closing the top of the lead castle 
and completing the external shielding. Continuous nitrogen flow is present in all three 
configurations. 

The two-steps shielding upgrade affected clearly at the background level achieved 
by the detector (see Fig.[6|. Once the shielding was completed a factor 6 reduction 
was obtained, and a level of about 1 x 10~^keV~^cm~^s~^ was reached. More im- 
pressive was the reduction observed at the trigger rate by a factor 40, indicating 
that the majority of the interactions in the chamber have an external origin. 
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Fig. 6. Evolution of the final background level of the MIO detector in the LSC along 
different set-up upgrades. The ultra- low background period is zoomed. 



There were reasons to suspect that the background level achieved at this first 
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stage was being limited by an internal contamination, due to the clear presence 
of a peak at the 5-6 keV region that could be produced by the ^^Fe placed inside 
the cage, and that now was observable thanks to the lower background levels 
reached. In order to screen this contamination from the detector field of view, 
an additional copper layer was placed on top of the detector window by using 
different configurations (Tomas l 2Qlip . The final result was the obtention of a 
more restrictive limit on the intrinsic background of the detector at a level of 
1.5 ± 0.6 keV~^cm~^s~^ at the 2-7 keV energy range, value which was obtained 
after a total exposure time of 994 hours. 

6 Summary and conclusions 

We have presented the importance of low X-ray background detectors for rare event 
searches. The advances towards lower background detectors affects directly to the 
experiment involved increasing its sensitivity. We have shown that micromegas 
microbulk technology, with the proper shielding and conditions, can achieve even 
lower background levels than those that are actually providing data in the CAST 
experiment, levels which have also shown considerable improvement during the 
different phases of the experiment (see Fig. [t]). 




F I ■ I I I , I I ■ I I I ■ I I 
11/2002 12/2005 12/2008 12/2011 

date 

Fig. 7. Historical background levels for CAST micromegas detectors, together with the 
lower value obtained in this work. 

Moreover, a complete methodology and set-up to evaluate future low intrinsic 
radiation detectors has been well established. Future work is in the course to 
produce new detectors with even lower radiative levels. This experimental search 
together with the understanding of the background nature and optimization of the 
shielding thanks to detailed Geant4 simulations could provide the key to obtain 
even lower limits. 
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